1. Introduction {#sec0005}
===============

*Andrographis paniculata* (Burm.f.) Nees, has been widely used as a traditional herbal medicine in Asian and Scandinavian countries to treat fever, diarrhea, and the common cold \[[@bib0005]\]. *A. paniculata* possesses various beneficial pharmacological activities, including immune-modulatory, antioxidant, antiinflammatory, anticancer, antidiabetic, hepatoprotective, antimalarial, antihypertensive, and antimicrobial \[[@bib0010], [@bib0015], [@bib0020], [@bib0025], [@bib0030]\].

*A. paniculata* contains multiple bioactive diterpenoids, including andrographolide (AP), 14-deoxy-11, 12-didehydroandrographolide (14-deoxy-11,12-didehydro-AP), neoandrographolide (neo-AP), and 14-deoxyandrographolide (14-deoxy-AP) \[[@bib0015],[@bib0025],[@bib0030]\]. Our previous study showed that the differences in growth stages and cultivation environments influenced the contents of active diterpenoids in different plant organs of *A. paniculata* \[[@bib0035]\]. Interestingly, our recent study showed that the standardized FTLEE, which contained high 14-deoxy-AP but low AP content, inhibited *in vitro* viability of cholangiocarcinoma and hepatocarcinoma cells approximately four fold better than mature leaf stage extract, which contained low 14-deoxy-AP but high AP content \[[@bib0040]\]. Therefore, the therapeutic benefit of the standardized FTLEE may have a potential to be developed as an alternative or adjuvant treatment for cholangiocarcinoma and hepatocellular carcinoma. Hence, safety evaluation must be done to ensure the safe use of this medicinal plant extract. Although the standardized extract of *A. paniculata*, containing high AP content, was reported to have no toxicity \[[@bib0045]\], there is currently no toxicological data available for *A. paniculata* extract having high 14-deoxy-AP content. In addition, there is no report on the adverse effect of 14-deoxy-AP on hematology and clinical biochemistry. In order to confirm the safety margin as well as extrapolating the dosage for further toxicity studies and clinical trial, the acute oral toxicity study of the standardized FTLEE of *A. paniculata* should be conducted.

OECD test guideline No. 420 (Acute Oral Toxicity-Fixed Dose Procedure), a standard guideline for acute toxicity test, was selected in this study because it provides a range estimate of the LD~50~ and allows the substance toxicity to be classified according to the Globally Harmonized System (GHS) \[[@bib0050]\]. The present study evaluated acute oral toxicity of the standardized FTLEE of *A. paniculata* containing high content of 14-deoxy-AP in mice. Body weight, signs of toxicity, and mortality were monitored for 14 days. At the end of the study, hematology and clinical biochemistry analyses, and macroscopic examination of the internal organs were also performed for overall health status evaluation and identification of organ specific toxic effects.

2. Materials and methods {#sec0010}
========================

2.1. Plant material and extract preparation {#sec0015}
-------------------------------------------

The authentication of *A. paniculata* was performed by Dr. Wongsatit Chuakul. The voucher specimen was submitted to the Pharmaceutical Botany Mahidol Herbarium, Department of Pharmaceutical Botany, Faculty of Pharmacy, Mahidol University, Bangkok, Thailand (PBM 3760). The seeds of *A. paniculata* were cultivated using peat moss soil (pH 5.5; N-P-K 12-14-24; 0.8 kg/m^3^) (Chia Tai, Bangkok, Thailand) in uncontrolled conditions at Chulabhorn Research Institute's greenhouse.

First true leaf stage of plants (approximately 2 weeks after germination) were harvested and separated into aerial parts and roots. The harvested aerial parts were washed, dried at 35--45 °C then blended to powder. First true leaf ethanolic extract (FTLEE) was prepared by extracting 400 g of powdered dried aerial parts with 5.0 L of ethanol. The remaining powdered residues were re-extracted with 5.0 L of ethanol, combined with the first extract, then concentrated and dried by a rotary evaporator at \< 50 °C. The % yield of the extract is 12% per dried weight. The contents of four diterpenoids of interest (AP, 14-deoxy-11,12-didehydro-AP, neo-AP, and 14-deoxy-AP) in the standardized FTLEE obtained were measured using HPLC-DAD (Agilent Technologies, Germany) on a reverse-phase column (Zorbax SB-C18; 4.6 × 75 mm, 3.5 μm) connected to a cartridge guard column (Agilent Technologies, USA) \[[@bib0035]\]. HPLC chromatogram of the standardized FTLEE is shown in [Fig. 1](#fig0005){ref-type="fig"}. The contents of AP, 14-deoxy-11,12-didehydro-AP, neo-AP, and 14-deoxy-AP in the standardized FTLEE were 69.65, 30.48, 8.51, and 274.78 mg/g dry weight, respectively. Compared to other diterpenoids, 14-deoxy-AP is the major bioactive compound present in the standardized FTLEE. All doses of the standardized FTLEE were suspended in 1% methylcellulose (MC) before administration.Fig. 1Representative chromatograms of standards four major active diterpenoids in the standard diterpenoids (A) (**1**: andrographolide, **2**: 14-deoxy-11, 12-didehydroandrographolide, **3**: neoandrographolide, and **4**: 14-deoxyandrographolide) (1, 2, 3, and 4 with 99%, 96%, 99%, and 99% purity, respectively) compared with the standardized ethanolic extract of *Andrographis paniculata* first true leaf (B).Fig. 1

2.2. Animals {#sec0020}
------------

Due to limited information on the adverse effects of the standardized FTLEE, both sexes of animal were utilized in this study to examine potential gender discrepancy in response to the standardized FTLEE. Male and female Swiss albino mice (8 weeks old) were obtained from the National Laboratory Animal Center, Salaya, Nakorn-Pathom, Thailand. The mice were acclimatized for 5 days and housed under controlled conditions (24 ± 1 °C, 55 ± 10% humidity, and a 12:12 h light: dark cycle) at the Chulabhorn Research Institute Laboratory Animal Center - an AAALAC International-accredited facility. All animals were fed with food and water *ad libitum*. The animal study was approved by the Institutional Animal Care and Use Committee (IACUC) at Chulabhorn Research Institute (PN 2015-02). The care and use of animals were in accordance with National Guidelines and Chulabhorn Research Institute-Institutional Animal Care and Use Committee. Our study was conducted according to the OECD test guideline No. 420 (Acute Oral Toxicity-Fixed Dose Procedure), a widely accepted standard guideline for acute toxicity testing. This guideline has been demonstrated to use fewer animals and cause less suffering to animal, whilst still providing a reliable acute toxicity data compared to the traditional acute toxicity study method which used death as an endpoint. With respect to the OECD guideline No. 420, animals were given a single dose of test substance and toxic effects were observed for 14 days. The long recovery period of 14 days was intended for the observation of any potential 'delayed' acute toxicity to the single dose administration.

2.3. Acute oral toxicity {#sec0025}
------------------------

### 2.3.1. Pilot study {#sec0030}

Six male and six female mice were randomly assigned into three independent blocks of experiment (2 mice of each sex per block; N = 4). Each animal received a single oral administration of either control (1% MC) or the standardized FTLEE. Prior to the dosing, all animals were fasted for 3--4 h and weighed. In accordance with OECD guideline No. 420, 300 mg/kg BW should be a starting dose for acute toxicity study when toxicological data of test substance is not available or limited.

In the first block of experiment (N = 4), one animal of each sex were administered with a single oral gavage of either control or 300 mg/kg BW of the standardized FTLEE. The signs of toxicity, including changes in skin and fur, eyes, respiration, and behavior pattern, and/or mortality in all animals were observed periodically during the first 24 h (0.5, 1, 6, and 24 h). When no apparent signs of toxicity or mortalities were observed within 24 h post-treatment of the first block, the procedures in the first block of experiment were repeated in the second block animals using 2000 mg/kg BW of the standardized FTLEE. Repeating the same procedures, when no apparent signs of toxicity or mortalities were observed within 24 h post-treatment of the second block, elevated dose of 5000 mg/kg BW of the standardized FTLEE was administered to the third block animals. Post-treatment, animals were weighed weekly. The signs of toxicity and/or mortality were observed once daily for 14 days. At Day 15, all animals were euthanized with carbon dioxide inhalation and undergone gross necropsy.

### 2.3.2. Main study {#sec0035}

Forty mice, 20 male and 20 female mice, were randomly divided into 4 groups (5 mice of each sex per group; N = 10): one control group (1% MC) and three treated groups (300, 2000, and 5000 mg/kg BW of the standardized FTLEE). Prior to the dosing, all animals were fasted for 3--4 h and weighed. Each group received a single oral gavage of control or the standardized FTLEE (300, 2000, or 5000 mg/kg BW). After treatment, signs of toxicity, including changes in skin and fur, eyes, respiration, and behavior pattern, and/or mortality in all animals were observed periodically during the first 24 h (0.5, 1, 6, and 24 h) then once daily for 14 days. Post-treatment, animals were weighed weekly. At Day 15, all animals were euthanized by carbon dioxide inhalation and undergone gross necropsy. The internal organs were observed grossly. Blood samples were collected by cardiac puncture and transferred into K~3~-EDTA tubes, then analyzed the hematologic parameters (white blood cell count (WBC), lymphocyte (LY), monocyte (MO), neutrophil (NE), eosinophil (EO), basophil (BA), red blood cell count (RBC), hematocrit (HCT), hemoglobin (HGB), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), platelets (PLT)) using a hematology analyzer (Sysmex XT-2000iV, Japan). Serum samples were analyzed on a clinical biochemistry analyzer (Roche cobas c 111, Switzerland). The following clinical biochemistry values were measured: alkaline phosphatase (ALP), alanine aminotransferase (ALT), aspartate aminotransferase (AST), blood urea nitrogen (BUN), and creatinine (CRN).

2.4. Statistical analysis {#sec0040}
-------------------------

The statistical analysis of the results was performed using R version 3.3.3 (2017-03-06). All data were expressed as means ± SEM and data normality were analyzed using the Sharpiro-Wilkes test. The statistical differences of data with normal distribution were analyzed by one-way analysis of variance (ANOVA), followed by the Bonferroni multiple comparisons whereas the statistical differences of data without normal distribution were analyzed by the Kruskal-Wallis H test. Statistical significance was defined as p \< 0.05. The body weight changes during 14 days of treatment were analyzed with repeated measures ANOVA followed by Tukey's test. The relationship between the standardized FTLEE doses and toxic effect were analyzed by linear regression.

3. Results and discussion {#sec0045}
=========================

The pilot study served as a preliminary dose selection experiment. The results from the pilot study showed that no signs of toxicity and mortality were observed in either male or female mice administered control (1% MC) or the standardized FTLEE at doses of 300, 2000, or 5000 mg/kg BW. Therefore, these doses of the standardized FTLEE were used for acute oral toxicity evaluation in the main study.

The results of the main study showed that, after 14 days of the standardized FTLEE (300, 2000, and 5000 mg/kg BW) treatment, no signs of toxicity, body weight changes and mortality were observed (data not shown). Since vital organs, including liver, kidneys, heart, lungs, and spleen, are functionally crucial organs often impaired by toxic substances \[[@bib0055]\], gross examinations of internal organs were performed to identify potential signs of organ-targeted toxicity. No lesions were found upon macroscopic examination of the internal organs of any animals treated with the standardized FTLEE. Aside the gross appearance of the internal organs, the overall health status of the animals was also evaluated by clinical biochemistry ([Table 1](#tbl0005){ref-type="table"}) and hematology analyses ([Table 2](#tbl0010){ref-type="table"}). The results showed that all measurements obtained from the standardized FTLEE treated animals were within physiological ranges \[[@bib0060],[@bib0065]\]. These results suggest that the standardized FTLEE has negligible acute toxicity at the doses tested. Increased levels of CRN and BUN are indicative of impaired renal function \[[@bib0070]\]. No change in BUN was observed in the standardized FTLEE-treated male mice however BUN in 300 mg/kg BW-treated female mice was significantly increased when compared to control (p \< 0.01) and 5000 mg/kg BW (p \< 0.05) ([Table 1](#tbl0005){ref-type="table"}). Despite the elevated BUN in female mice, CRN levels were not affected in all animals. These results suggest that the renal function was normal in both standardized FTLEE treated and control groups. Hepatotoxicity causes elevation in the levels of hepatocellular enzymes, ALT and AST, and hepatobiliary enzyme, ALP \[[@bib0075],[@bib0080]\]. In the present study, no elevation of AST, ALT, and ALP levels was observed in either standardized FTLEE treated-male or -female mice ([Table 1](#tbl0005){ref-type="table"}). These results suggest that the standardized FTLEE has no hepatotoxic effect.Table 1Clinical biochemistry parameters.Table 1ParametersStandardized FTLEE (mg/kg BW)Male[a](#tblfn0005){ref-type="table-fn"}Female[a](#tblfn0005){ref-type="table-fn"}0[b](#tblfn0010){ref-type="table-fn"}\
(N = 5)300\
(N = 5)2000\
(N = 5)5000\
(N = 5)0[b](#tblfn0010){ref-type="table-fn"}\
(N = 5)300\
(N = 5)2000\
(N = 5)5000\
(N = 5)AST (U/L)90.0 ± 9.81102.3 ± 22.15125.9 ± 10.74127.4 ± 24.7292.2 ± 6.2396.3 ± 12.8898.3 ± 12.6994.8 ± 5.23ALT (U/L)27.3 ± 3.2021.0 ± 1.9824.2 ± 1.9126.1 ± 2.6623.2 ± 1.6119.3 ± 0.7221.3 ± 2.3320.5 ± 1.84ALP (U/L)133.3 ± 6.23125.1 ± 8.76129.3 ± 8.63132.6 ± 5.62137.6 ± 9.82140.4 ± 12.59138.6 ± 9.47130.3 ± 3.64CRN (mg/dL)0.13 ± 0.010.11 ± 0.010.13 ± 0.010.11 ± 0.010.14 ± 0.010.13 ± 0.010.13 ± 0.010.14 ± 0.00BUN (mg/dL)22.8 ± 1.1023.2 ± 0.7624.8 ± 1.1724.3 ± 1.7317.9 ± 0.7422.6 ± 1.15\*\*19.9 ± 0.8818.6 ± 0.62^\#^[^3][^4][^5][^6][^7]Table 2Hematologic parameters.Table 2ParametersStandardized FTLEE (mg/kg BW)Male[a](#tblfn0015){ref-type="table-fn"}Female[a](#tblfn0015){ref-type="table-fn"}0[b](#tblfn0020){ref-type="table-fn"}\
(N = 5)300\
(N = 4)2000\
(N = 3)5000\
(N = 3)0[b](#tblfn0020){ref-type="table-fn"}\
(N = 4)300\
(N = 5)2000\
(N = 4)5000\
(N = 4)WBC (×10^6^ cells/mL)6.11 ± 0.445.92 ± 0.405.40 ± 1.124.46 ± 1.716.53 ± 1.039.72 ± 0.676.99 ± 1.177.58 ± 0.73LY (×10^6^ cells/mL)3.88 ± 0.324.34 ± 0.283.73 ± 0.893.30 ± 1.414.51 ± 0.516.97 ± 0.725.37 ± 0.955.80 ± 0.90NE (×10^6^ cells/mL)1.72 ± 0.091.10 ± 0.07\*1.19 ± 0.140.83 ± 0.25\*\*1.49 ± 0.492.05 ± 0.191.07 ± 0.231.25 ± 0.32EO (×10^6^ cells/mL)0.19 ± 0.020.16 ± 0.020.16 ± 0.080.18 ± 0.070.19 ± 0.040.30 ± 0.040.29 ± 0.110.21 ± 0.01BA (×10^6^ cells/mL)0.01 ± 0.000.02 ± 0.010.01 ± 0.010.01 ± 0.000.01 ± 0.000.01 ± 0.000.01 ± 0.000.01 ± 0.00MO (×10^6^ cells/mL)0.30 ± 0.040.30 ± 0.050.31 ± 0.060.15 ± 0.060.34 ± 0.160.39 ± 0.020.25 ± 0.050.31 ± 0.02LY (%)63.4 ± 1.2273.4 ± 0.33\*68.17 ± 1.9972.4 ± 4.3770.9 ± 4.7871.1 ± 3.2376.5 ± 2.0975.3 ± 6.17NE (%)28.3 ± 0.9018.7 ± 0.32\*\*22.93 ± 2.4320.4 ± 3.20\*21.5 ± 3.6521.5 ± 2.5015.1 ± 0.7417.5 ± 5.74EO (%)3.2 ± 0.312.7 ± 0.272.73 ± 0.813.8 ± 0.762.9 ± 0.553.2 ± 0.474.8 ± 2.222.9 ± 0.35BA (%)0.2 ± 0.070.3 ± 0.090.1 ± 0.100.1 ± 0.060.2 ± 0.050.1 ± 0.020.2 ± 0.030.1 ± 0.03MO (%)4.9 ± 0.505.0 ± 0.496.07 ± 1.193.4 ± 0.824.6 ± 1.504.1 ± 0.513.6 ± 0.404.2 ± 0.37RBC (×10^9^ cells/mL)9.70 ± 0.2210.08 ± 0.189.98 ± 0.209.83 ± 0.3110.09 ± 0.1710.37 ± 0.1510.26 ± 0.039.91 ± 0.16HCT (%)44.00 ± 1.0247.13 ± 0.4446.93 ± 0.4245.13 ± 1.8545.4 ± 0.8749.1 ± 0.64\*47.6 ± 0.8846.7 ± 0.67HGB (g/dL)15.1 ± 0.3815.8 ± 0.1515.8 ± 0.2315.6 ± 0.7215.6 ± 0.2716.8 ± 0.3516.3 ± 0.2715.8 ± 0.19MCV (fL)45.3 ± 0.6646.1 ± 0.7646.3 ± 0.4745.8 ± 0.8444.7 ± 0.5246.4 ± 0.5245.2 ± 0.6346.2 ± 0.99MCH (pg)15.6 ± 0.2215.4 ± 0.2715.6 ± 0.0715.8 ± 0.2715.4 ± 0.2315.9 ± 0.1915.5 ± 0.2315.6 ± 0.18MCHC (g/dL)34.4 ± 0.5033.5 ± 0.2533.7 ± 0.2434.5 ± 0.3034.4 ± 0.3034.3 ± 0.4634.3 ± 0.2233.8 ± 0.43PLT (×10^6^ cells/mL)1006 ± 86.511094 ± 50.391005 ± 65.78952 ± 17.62956 ± 63.971049 ± 55.24902 ± 100.75976 ± 54.99[^8][^9][^10][^11]

Hematologic parameters are sensitive biomarkers often associated to physiological responses to toxic substances \[[@bib0085]\]. In this study, hematology analysis revealed no change in total WBC of any treated animals. However, %LY was significantly increased in male mice treated with 300 mg/kg BW of the standardized FTLEE (p \< 0.05), whereas %NE was significantly decreased in male mice treated with 300 and 5000 mg/kg BW of the standardized FTLEE (p \< 0.01 and p \< 0.05, respectively) ([Table 2](#tbl0010){ref-type="table"}). In addition, male mice treated with 300 and 5000 mg/kg BW of the standardized FTLEE showed significant decrease in total NE count (p \< 0.01 and p \< 0.05, respectively) ([Table 2](#tbl0010){ref-type="table"}). Similar changes in NE and LY have been associated with toxicity induced WBC change \[[@bib0090]\]. However, since the standardized FTLEE treated male mice did not exhibit any change in total WBC, these changes may not reflect toxicity. Red cell mass alteration is determined by RBC, HGB concentration, and HCT. The reduction of red cell mass affects oxygen delivery to the peripheral tissue \[[@bib0095]\]. Our result revealed that HCT significantly increased in 300 mg/kg BW-treated female mice (p \< 0.05) ([Table 2](#tbl0010){ref-type="table"}). However, compared to control, this elevated HCT did not exceeded 10% and no changes in total RBC were observed. These suggest that the standardized FTLEE does not affect the oxygen delivery to the peripheral tissue.

It should be noted that all statistically significant changes observed in this study were within physiological range. Furthermore, no treatment-related toxic effects were observed as there was no linear correlation between the standardized FTLEE doses and toxic effect (0.1 ≤ R ≤ 0.6). Our results suggest that the standardized FTLEE has no acute oral toxicity, and that the oral LD~50~ is higher than 5000 mg/kg BW in both male and female mice. GHS toxicity classification classifies substance with oral LD~50~ in the range of 2000--5000 mg/kg BW as relatively low toxicity. By this classification, the present study has demonstrated that the standardized FTLEE has very low acute toxicity. However, it should be noted that the limitations of this study are the absence of pre-14 day hematological and biochemical data which may answer whether FTLEE has toxic effects prior to complete recovery after 14 days, and the lack of microscopic examination of tissues which provides the information whether there are microscopic tissue lesions associated with FTLEE treatment.

*A. paniculata* is the well-known medicinal plant, and the safety of using *A. paniculata* as a traditional medicine is supported by the results of the present study. Moreover, the report demonstrating that *A. paniculata* has no anaphylactic reaction which is a serious and potential deadly adverse effect \[[@bib0100]\] reinforces the safety of *A. paniculata* used. Based on a variety of pharmacological actions on *A. paniculata*, the possible application of standardized FTLEE of *A. paniculata* can be diverse including as an alternative or adjuvant treatment for cholangiocarcinoma and hepatocellular carcinoma. One of the major drawbacks of medicinal plant extract is that it generally has low bioavailability and efficacy due to its solubility and absorption problems however these can be overcame by new preparation technology such as nanoparticle which helps increasing solubility and absorption, and minimizing toxicity of medicinal plant extract \[[@bib0105]\].

4. Conclusion {#sec0050}
=============

Acute oral toxicity study of the standardized FTLEE in both male and female mice revealed that there were no adverse effects observed and the LD~50~ value after a single oral administration was greater than 5000 mg/kg BW. The present study provides the information for the dose selection of long-term toxicity study. Further subchronic and chronic toxicological studies and/or clinical trial should be performed to assure the safe usage of the standardized FTLEE.
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